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FOREWORD 


This  investigation  vaa  oonduoted  by  the  Alcoa  Reaearoh 
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and  Technology  Division,  Wright- Patterson  Air  Force  Base,  Ohio# 
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for  the  phase  oovering  the  resistance  to  stress-corrosion 
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Goepfert  end  J.  H.  Clouse.  Significant  advisory  and  technical 
assistance  were  Bupplied  by  Mssara.  J.  0.  Kaufman,  0.  W.  Stickley 
and  J.  D.  Walsh. 


The  manuscript  was  released  by  the  authors  for  publication 
as  a  Technical  Report. 


This  technical  report  has  been  reviewed  and  is  approved. 


D.  A.  SHINN 

Chief,  Materials  Information  Branch 
Materials  Applications  Division 
AF  Materials  laboratory 


ABSTRACT 


The  tensile,  compressive,  shear,  bearing,  fracture- 
toughness  and  axial- stress  fatigue  properties  and  resistance  to 
stress-corrosion  cracking  have  been  determined  for  a  total  of 
145  lots  of  commercially  produced  2014,  2024,  6061,  7075 »  7079 
and  7^7®  extrusions  in  stress-relieved  stretched  tempers 
(TX51X),  and  in  thicknesses  from  0.050  to  6.500  in. 

Tests  of  5J!  lots  in  the  "heat-treated-by-user" 
tempers  were  also  made. 

Ratios  of  tensile,  compressive,  shear  and  bearing 
properties  to  corresponding  longitudinal  tensile  properties 
were  computed.  Some  variations  in  ratios  occur  with  respec*  to 
alloy,  temper,  thickness,  and  direction. 

Groups  of  ratios  for  each  alloy  in  the  TX51X  tempers 
were  analyzed  statistically  and  minimum-average  values  were 
determined.  Tables  of  design  mechanical  properties  were 
prepared. 

Typical  and  minimum  stress- strain  and  compressive 
tangent -modulus  curves  were  prepared. 

Average  values  of  plane- strain  stress-intensity 
factor,  Kjc,  at  5  per  cent  3ecant  offset  were  determined. 

Log-mean  fetigue-life  values  were  calculated. 

Stress-corrosion  tests  evaluated  performance  for  the 
alloy  and  temper  combinations  tested. 


This  document  is  subject  to  special  export  controls  and  each 
transmittal  to  foreign  governments  or  foreign  nationals  may  be 
made  only  with  prior  approval  of  the  Air  Force  tbterlals 
laboratory  (MAAM),  Wright- Patterson  Air  Force  Base,  Ohio  45453. 
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SECTION  I 


INTRODUCTION 


The  desirability  of  stretching  heat-treated  aluminum 
alloy  products,  not  only  for  straightening,  but  also  to  reduce 
residual  stresses  and  varpase  during  subsequent  machining 
operations,  has  been  recognized  in  recent  years  by  the  establish¬ 
ment  of  the  TX51-type  tempers.  It  is  realized,  however,  that 
this  stretching  may  have  a  significant  effect  on  some  of  the 
mechanical  properties,  particularly  a  reduction  of  the 
compressive  yield  stress  in  the  longitudinal  direction.  The 
mechanical  properties  of  stress-relieved  stretched  plate  were 
evaluated  in  a  previous  investigation  (1). 

The  data  from  tests  rrade  under  thi3  investigation 
were  obtained  to  establish  derlgn  mechanical  properties  for  use 
in  MIL-HDBK-5 (2 ) ,  including  stress- strain  and  tangent -modulus 
curves,  for  2014,  2024,  60bl,  7075.  7079  and  7178  aluminum 
alloy  extrusions  in  the  TX51X  tempers.  For  comparison,  similar 
tests  have  been  made  of  a  few  extrusions  of  each  alloy  in 
"heat-treated-by-user"  tempers. 

It  is  recognized  that  the  fracture- toughness,  fatigue 
properties  and  resistance  to  stress-corrosion  cracking  are 
among  the  most  important  properties  contributing  to  the  success 
or  failure  of  specific  aircraft  structures.  These  properties 
have  been  evaluated  in  previous  investigations  of  stress- 
relieved  stretched  plate  (J>,  4)  and  as  part  of  this  investiga¬ 
tion  they  have  been  evaluated  for  a  selected  number  of 
extrusions. 
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SECTION  II 


MATERIAL 


The  samples  of  extrusions  tested  were  obtained  from 
lots  produced  on  regular  orders  for  customers  between  May  19 66 
and  July  1967.  No  two  lots  of  any  one  alloy  and  temper  were 
from  the  same  production  run.  However,  the  samples  of  2024- 
T85IX  were  from  the  corresponding  lots  of  2024-T351X  and  most 
of  the  7075-173510  samples  were  from  corresponding  lots  of 
7075-16510  samples. 

The  samples  of  extrusions  were  obtained  from  two 
producers.  About  70  per  cent  of  the  total  number  of  samples 
tested  were  obtained  from  one  producer. 

Ihe  number  of  samples  ordered  from  the  two  producers 
was  176  in  the  TX51X  tempers  and  34  in  the  0  temper.  The  test 
program  was  based  upon  the  expectation  that  about  2/3  of  this 
total  number  could  be  obtained.  Ihe  number  of  samples  received 
was  143  in  the  TX51X  temper  and  23  in  the  0  temper.  Because  of 
Inevitable  fluctuations  in  customer  orders,  the  desired  number 
of  samples  could  not  be  obtained  for  alloys  such  as  2014  and 
7079,  whereas  for  606I-T65IO,  all  samples  ordered  were  obtained. 

The  thicknesses  ranged  from  0.050  to  6. 500  in. 
lengths  were  5  to  8  feet  except  those  of  the  2024-0  and  7075-O 
which  were  12  to  16  feet  in  length.  The  latter  samples  were 
cut  in  half  for  heat- treatment  to  the  "heat -treated-by- user " 
tempers,  T42  and  T62  tempers  for  2024  and  T62  and  T73  tempers 
for  7075.  The  temper  designation,  173,  is  not  strictly  correct 
for  'heat-treated-by-user",  but  a  suitable  number  has  not  yet 
been  assigned. 

'Ihe  23  samples  in  the  0  temper  were  heat  treated  to 
the  "heat-treated-by-user"  tempers  in  accordance  with  MIL-H- 
6o38D.  The  five  samples  of  2024-0  and  six  samples  of  7075-0 
were  tested  in  two  "heat-treated-by-user"  tempers,  so  that  the 
total  number  of  samples  tested  in  those  tempers  was  34. 

Cross-sections  of  all  the  samples  tested  showing  the 
general  locations  of  the  test  specimens  are  shown  in  Figs.  1 
through  9. 
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SECTION  III 


PROCEDURE 


A.  ffechanlcal  Properties 
A.l.  Tensile,  Compressive,  Shear  and  Bearing 

All  tensile,  compressive,  shear  and  bearing  tests 
wer-  made  using  the  smallest  suitable  range  of  an  Amsler 
20,000-lb  (type  10SZBDAp8),  an  Olsen  Electomatic  J>0, 000-lb,  or 
a  Southwark- Tate-fclnery  50, OOO-lb  Universal  Testing  Ifechine. 
Each  of  these  machines  was  calibrated  prior  to  and  during  the 
life  of  this  contract.  The  accuracy  was  always  within  that 
required  by  ASTM(5)  and  applicable  Federal  specifications. 

Single  tests  were  made  except  in  a  few  instances 
where  a  review  of  the  result!  Indicated  that  check  tests  were 
needed . 


All  tensile  tests  were  made  in  accordance  with  ASTM 
Methods  e8(6).  The  size  and  type  of  the  tensile  specimens  are 
as  shown  in  Fig.  10.  Longitudinal  and  long- transverse  specimens 
were  taken  from  the  following  locations: 


Thickness, 

in. 


location  of  Axis  of  Specimen  with  Respect 
to  'Thickness  (T)  and  Width  (W) 

of  Predominant  Section _  _ 

Thickness  '  '  '  Width 

_  gl.500  in.  *1 .500  InT 


<0.500 

0.500  to  1.500  incl. 
>1.500 


T/2 

T/2,  D*/2  W/2 ,  D*/2 

T/4 ,  D*/4 


W/4 

W/4,  D*/h 


*  For  round  sections : 


D=diameter. 


Also,  for  section  thicknesses > 0. 500  and  widths  >1.500  in., 
longitudinal  and  long- transverse  specimens  were  taken  at  the 
T/2,  W/2  location.  For  round  sections >  1. 500  in.  in  diam, 
specimens  were  also  taken  at  the  D/2  location.  For  sections 
S2.0C0  in.  in  thickness,  short-transverse  specimens  were  taken 
from  the  T/2,  W/2  location. 

Whenever  possible,  the  tensile  specimens  from 
extrusions  0.499  in.  or  less  in  thickness  were  full- thickness 
sheet-type  specimens.  'Ihe  specimens  from  thicker  shapes  were 
1/2  in.  in  diam,  except  where  it  was  necessary  to  use  subsize 
round  specimens. 
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All  compressive  tests  were  made  in  accordance  with 
ASTM  ffethods  E9(7;  and  were  made  using  a  subpress  (Pig.  3  of 
ASTM  ffethods  E9).  The  specimens  from  shapes  less  than  0.500  in. 
in  thickness  were  full-thickness  specimens  of  the  type  shown  in 
Pig.  11.  These  specimens  were  laterally  supported  by  a 
Kent gome ry - Tempi i n  Fixture  (Fig.  4a  of  ASTM  ffethods  E9).  The 
specimens  from  thicker  shapes  were  cylindrical  (Fig.  li).  The 
oompressive  specimens  were  taken  from  the  same  locations  as  the 
tensile  specimens. 

Tensile  and  compressive  yield  stresses  of  each  sample 
of  extrusion  were  determined  from  load- strain  diagrams  obtained 
autographically . 

Tests  to  determine  the  shear  ultimate  stress  were  made 
using  specimens  shown  in  Fig.  11.  Whenever  possible,  these 
specimens  were  taken  from  the  same  locations  as  the  tensile 
specimens,  except  that  tests  of  short- transverse  specimens  were 
made  only  on  shapes  3  in.,  or  more,  in  thickness.  The  tests 
were  made  with  an  Amsler  double- shear  tool  in  which  the  center 
1-in.  length  was  sheared  from  the  3- in.  long  specimen,  the  end 
thirds  being  supported  throughout  the  length.  In  tests  of 
longitudinal  and  long- transverse  specimens,  the  loads  were 
applied  in  the  direction  normal  to  the  major  surface  of  the 
shape  from  which  the  specimens  were  taken;  in  tests  of  short - 
transverse  specimens  the  loads  were  applied  in  the  direction  of 
extrusion,  parallel  to  the  major  surface  of  the  shape (8). 

Bearing  tests  were  made  in  accordance  with  ASTM  Method 
E238(9)  using  longitudinal  and,  where  possible,  long- transverse 
specimens,  of  the  types  shown  in  Fig.  12.  Flatwise  and  edgewise 
specimens  were  tested  from  shapes  of  suitable  size.  Edgewise 
specimens  from  shapes  less  than  1-1/2  in.  In  thickness,  however, 
were  1  in.  wide  (Type  A,  Fig.  12).  The  bearing  ultimate 
stresses  and  yield  stresses  were  determined  at  edge  distances 
of  1.5  and  2.0  times  the  pin  diameter.  The  yield  stress  was 
determined  as  the  stress  at  a  permanent  deformation  of  2  per 
cent  of  the  pin  diameter,  as  Indicated  on  autographic  load- 
deformation  diagrams.  Before  making  these  tests,  the  test 
fixtures  and  specimens  vrere  cleaned  ultrasonically  In  a  suitable 
nontoxic  solvent. 

Certain  samples  were  chosen  for  tensile  and  compress¬ 
ive  stress-strain  and  modulus  tests,  fatigue  and  fracture- 
toughness  tests.  Samples  from  which  both  longitudinal  and 
long- transverse  specimens  could  be  obtained  were  selected  for 
these  tests.  In  a  few  instances,  however,  the  geometry  of  the 
shapes  in  certain  thickness  ranges  permitted  only  longitudinal 
tests. 


The  tensile  and  compressive  specimens  used  for  modulus 
and  stress- strain  tests  are  shown  in  Figs.  13  and  14,  re¬ 
spectively.  In  all  modulus  tests  of  longitudinal  tensile 
specimens,  and  a  few  long- transverse  specimens,  strains  were 
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measured  over  a  6- In.  gage  length  with  an  Amaler- Martens  mirror- 
type  extensometer  (ASTM  Class  A).  In  most  of  the  tests  of  long- 
transverse  tensile  specimens  it  was  necessary  to  use  smaller 
specimens  and  measure  strains  over  a  4  or  2- in.  gage  length 
with  the  Amsler- Martens  mirror- type  extensometer  (ASTM  Class 
B~l)  or  a  1-in.  gage  length  with  the  Tuckerman  optical  strain 
gage  (ASTM  Class  A;.  In  tests  to  determine  modulus  where 
strains  were  measured  over  a  6  or  4-in.  gage  length,  the 
specimens  were  stressed  up  to  about  the  proportional  limit; 
then,  after  remo-  al  of  the  lead  and  starting  again  at  zero 
stress  and  strain,  strains  were  measured  with  the  same  instru¬ 
ment  over  a  2-in.  gage  length  to  determine  the  stress-strain 
curve  to  the  yield  stress.  In  tests  to  determine  modulus  and 
stress-strain  curves  where  strains  were  measured  over  a  2  or 
1-in.  gage  length,  tests  were  continued  without  interruption 
beyond  the  proportional  limit  to  obtain  the  yield  stress.  In 
some  tests  of  each  alloy  and  temper,  strains  were  measured 
beyond  the  yield  stress  to  the  ultimate  stress  with  a  2- in. 
dial  gage  (each  division  =  0.001  in.)  or  scale  and  dividers  to 
obtain  full-range  tensile  rtr* : -c-strain  curves.  In  all 
compressive  modulus  and  stress-strain  tests,  the  Tuckerman 
optical  strain  gage  was  used  over  a  2  or  1-ln.  gage  length 
(aSTM  Class  A).  For  determination  of  each  modulus  value,  the 
data  were  examined  by  the  strain-deviation  procedure  in  ASTM 
ffethod  Elll(10),  Based  on  the  various  tests,  representative 
typical  and  minimum  stress-strain  and  compressive  tangent- 
modulus  curves  were  developed  in  accordance  with  the  procedures 
as  outlined  in  Sections  3. 2. 5,  3.2.5  anc*  3.2.6  of  Technical 
Report  AFML-TR-66-386 (11 ) . 


A. 2.  Fracture  Toughness 

Fracture- toughness  tests  were  made  in  accordance  with 
the  methods  described  in  ASTM  STP  411(12)  on  fatigue-cracked 
single-edge  notched  tensile  specimens  from  the  longitudinal  and 
long-transverse  directions.  The  types  of  specimens  are  shown 
in  Fig.  15;  the  proportions  of  these  specimens  are  the  same  as 
those  of  specimens  used  by  NASA,  Lewis  Research  Center.  Ihe 
fracture  parameters  were  calculated  from  relationships  developed 
from  the  NASA  calibration. 

Fatigue  cracking  of  the  fracture  toughness  specimens 
was  accomplished  by  axial-stress  or  flexural  loading  at  maximum 
stresses  equal  to  or  less  than  twenty  per  cent  of  the  tensile 
yield  stress  of  the  material.  In  some  cases,  a  small  number  of 
cycles  at  higher  stresses  were  used  to  initiate  the  fatigue 
crack,  but  most  of  the  crack  growth  was  developed  at  stresses 
within  the  above  limitation.  The  fatigue  cracks  were  extended 
at  least  0.050  in.,  and  usually  much  more,  so  that  the  total 
slot-plus-fatigue-crack  length  was  between  1/3  and  1/2  the 
specimen  width,  and  always  equal  to  or  greater  than  the 
specimen  thickness. 
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After  fatigue  o racking,  the  specimens  were  loaded 
statically  In  a  30, 000- lb  Olsen  screw-powered  testing  machine 
or,  for  the  larger  specimens,  a  300, 000-lb  Amsler  nyaraulio 
testing  machine.  Autographic  load-deformation  ourves  were 
plotted  with  a  Mosley  X-Y  plotter,  plotting  load  from  a  load¬ 
cell  or  the  weighing  system  of  the  machine  versus  the  output 
from  3R-4  electrical-resistance  strain  gages  mounted  across  the 
edge  crack  In  the  specimen,  as  shown  In  Fig.  16. 

Candidate  values,  Kq,  of  the  critical  plane-strain 
stress-intensity  factor,  Ktc,  were  calculated  using  two  values 
of  load  from  the  autographic  load- deformat Ion  curves.  The 
first  value  was  calculated  using  the  load  at  the  initial  burst 
of  unstable  crack  growth,  as  indicated  by  th6  initial  signifi¬ 
cant  deviation  from  linearity  In  the  load-deformation  curve. 

The  second  value  was  calculated  using  the  load  at  a  5  per  cent 
secant  offset,  equivalent  to  about  2  per  cent  of  crack  exten¬ 
sion;  this  was  done  as  a  result  of  recent  recommendations  of 
ASTM  Committee  E-24(13)  that  the  secant-offset  method  be  con¬ 
sidered  for  establishing  Kic. 

Before  values  of  Kq  can  be  considered  to  be  meaningful 
values  of  Kic,  they  must  meet  two  criteria: 

(a)  the  plastic  zone  size  must  be  small  with  respect 
to  the  thickness,  as  indicated  by  the  limitation 
that  the  thickness  of  the  test  specimen  must  be 
equal  to  or  greater  than  2.5  times  the  ratio 
(KQ/Vya )  »  and 

(b)  any  deviation  from  linearity  in  the  load- 
deformation  curve  prior  to  the  load  used  for  the 
Kq  calculation  must  primarily  represent  crack 
extension,  as  indicated  by  the  limitation  on  the 
load- deformation  diagram  that  the  horizontal  dis¬ 
placement  of  the  load- deformat ion  curve  (from  the 
initial  slope)  at  a  load  80  per  cent  of  that  at 
the  5  per  cent  secant-offset  intercept  shell  not 
be  more  than  1/4  of  the  displacement  at  the  5  per 
cent  secant-offset  intercept  (14). 


The  straightness  of  the  fatigue-crack  front  was  also 
used  in  establishing  whether  or  not  the  values  of  Kq  were 
meaningful  values  of  Ktc.  Those  values  from  specimens  in  which 
the  fatigue-crack-front  curvature  (measured  by  the  distance 
from  the  most  advanced  point  to  the  trailing  point  on  the  crack 
front)  exceeded  20  per  cent  of  the  specimen  thickness  were  not 
considered  meaningful. 
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A. 3.  Axial- Stress  Fatigue 

Axial-stress  fatigue  tests  were  made  using  three 
longitudinal  and  three  long-transverse  specimens  of  the  type 
shown  in  Pig.  17  from  each  of  the  selected  samples.  They  were 
tested  at  three  stress  levels  (IW).0)  in  Krouse  fatigue 
machines  operating  at  800,  1500  or  1725  rpm. 


B.  St re33- Corrosion  Cracking 

Two  types  of  test  specimens  were  employed;  0.125-lnv  1 
diameter  tensile  specimens  taken  in  both  the  longitudinal  anc5 
long-transverse  directions  and  0.750-inch  diameter  short- 
transverse  C- rings.  Ihe  specimens  were  generally  taken  on 
center  line  (T/2)  and  at  mid-point  in  the  width  (W/2)  of  the 
predominant  section  of  the  extruded  shape. 

The  tensile  specimens  were  stressed  in  "constant- 
strain"  type  fixtures  (Fig.  18)  to  75  per  cent  of  the  tensile 
yield  stress  by  means  of  the  loading  device  shown  in  Fig.  19(15). 
During  exposure  the  fixtures  were  protected  by  a  cellulose 
acetate  coating  so  t  t  only  the  test  specimens  were  exposed. 

Ihe  C-ring  specimens  (Fig.  20)  were  used  to  test  the 
short- transverse  direction  of  all  samples  that  were  0.750  inches 
or  more  in  thickness.  Stresses  equivalent  to  75  per  cent  of  the 
actual  short- transverse  tensile  yield  stress  were  employed;  the 
stress  was  controlled  by  tightening  the  bolt  and  measuring  the 
resultant  deflection  by  the  procedure  described  in  Method  2-A 
given  in  the  report  of  Task  Group  I  on  Stress  Corrosion  Testing 
Msthods(l6). 

Ihe  two  types  of  stressed  specimens  were  exposed  to 
the  alternate  immersion  test  which  employs  a  3.5  per  cent  (by 
weight)  NaCl  solution  made  with  salt  of  99-7  per  cent  purity. 

New  Kensington  tap  water,  which  is  essentially  free  of  heavy 
metals,  was  used  due  to  the  large  volume  of  water  required. 

Water  loss  due  t<_  evaporation  was  compensated  by  the  additions 
of  tap  water,  and  the  salt  concentration  was  regularly  checked 
and  adjusted  as  necessary.  The  solution  was  changed  monthly 
and  at  each  change  the  specimens  were  rinsed  with  fresh  tap 
water. 


Ihe  alternate  immersion  cycle  included  total  immer¬ 
sion  of  specimens  for  10  minutes  and  aeration  above  the  solution 
for  30  minutes.  This  1-hour  cycle  was  continued  24  hours  a  day 
for  the  entire  test  period.  The  test  equipment,  shown  in  Fig. 
21,  consists  of  large  stationary  painted  aluminum  alloy  tanks, 
with  the  specimens  supported  on  an  open  aluminum  alloy  (606I-T6) 
framework  that  is  raised  and  lowered  to  provide  the  alternate 
Immersion  cycle. 
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The  alternate  limerslon  test  was  conducted  at  ambient 
temperature  and  humidity.  Measurements  have  shown  the  air 
temperature  to  vary  considerably,  while  that  of  the  solution 
varied  only  slightly.  Measurements  have  also  shown  that  the 
temperature  of  the  test  specimens  themselves  will  remain  within 
2  to  3  degrees  of  the  solution  temperature  throughout  the 
drying  oyole.  For  the  contract  period  the  range  of  ambient 
conditions  can  be  broadly  grouped  into  two  categories :  warm 
months  when  little  or  no  room  heating  was  used  versus  cold 
months  when  room  heaters  operated  more  or  less  continuously, 
laical  ranges  are  s 

May  to  September:  air  temperature  .  .  68  to  90°  F 

solution  temperature  .  .  64  to  72°  F 
relative  humidity  .  .  35  to  70% 

(approximate  mean  40  to  55%) 

October  to  April:  air  temperature  .  .  62  to  78°  F 

solution  temperature  .  .  58  to  68°  F 
relative  humidity  .  .  25  to  60% 

(approximate  mean  40  to  55#) 

All  specimens  that  failed  during  exposure  were  in¬ 
spected,  and  representative  failures  were  examined  microscopic¬ 
ally  to  verify  the  cause  of  the  failure.  In  addition,  the 
tensile  specimens  that  did  not  fa’i  during  exposure  were 
tension  tested  to  determine  the  change  in  ultimate  tensile 
stress  due  to  corrosion. 

The  samples  evaluated  in  this  investigation  included 
alloy- temper  combinations  developed  to  provide  virtual  immunity 
to  stress-corrosion  cracking,  as  well  as  alloy-temper  combina¬ 
tions  which  have  been  shown  to  be  susceptible  to  stress-corrosion 
cracking.  It  was  realized  that  any  cracking  that  might  occur  in 
the  more  resistant  Items  could  be  very  fine  and  not  readily 
detectable  by  visual  means,  and  could  result  in  a  degree  of 
relaxation  of  applied  stress,  thereby  preventing  0urther  crack¬ 
ing.  Therefore,  C-rlng  specimens  from  these  resistant  materials 
were  examined  metallographically  upon  completion  of  the  84-day 
exposure  period. 
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SECTION  IV 


RESULTS  OF  TESTS 


Tables  of  the  results  of  the  individual  tensile, 
compressive,  shear  and  bearing  tests,  the  ratios  among  some  of 
those  results,  statistical  analyses  of  the  ratios  among  certain 
properties  and  computed  design  values  are  arranged  as  shown  in 
the  List  of  Tables.  Stress-strain  and  compressive  tangent- 
modulus  curves  are  shown  in  Figs.  22  through  64. 

Ihe  results  of  f racture- toughness  tef cs  are  shown  in 
Tables  LXIV  and  LXV.  The  results  of  the  axial-stress  fatigue 
tests  are  shown  in  Tables  LXVI  and  plotted  in  Figs.  65  through 

71. 


Ihe  results  of  the  stress-corrosion  tests  are  shown 
in  'fables  LXVI  I  and  LXVI  II. 
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SECTION  V 

DISCUSSION  OP  RESULTS 


A.  Mechanical  Properties 
A.l.  Tensile,  Compressive,  Shear  and  Bearing 

The  results  of  the  tensile,  compressive,  shear  and 
bearing  tests  of  the  individual  samples  are  summarized  In 
Tables  II  through  X.  The  tensile  properties  (longitudinal, 
specification  location)  of  each  sample  exceeded  the  specified 
minimum  values  shovn  in  Table  XI. 

The  ratios  among  the  tensile,  compressive  and  shear 
properties  of  the  individual  samples  are  shovn  in  Tables  XII 
through  XX  and  the  ratios  of  bearing  properties  to  the  tensile 
properties  are  shovn  In  Tables  XXI  through  XXIX.  The  most 
distinct  differences  betveen  the  ratios  for  the  stretched  and 
"heat-treated-by-user"  extrusions  are  in  the  longitudinal 
compressive  yield- tensile  yield  ratios  and  some  of  the  bearing 
yield-tensile  yield  ratios.  The  largest  differences  are  in 
those  of  the  solution  heat-treated  tempers  of  2024  (T42  vs 

T551X) . 


For  the  purpose  of  making  the  statistical  analysis 
of  the  TX51X  tempers  of  each  alloy,  ratios  of  the  properties 
at  the  specification  location  in  the  cross  section  vere  used; 
for  the  long- transverse  direction,  the  ratios  of  the  long- 
transverse  properties  at  the  center  of  the  cross  section  (T/2, 
W/2)  to  the  longitudinal  tensile  properties  at  the  specification 
location  were  used.  The  statistical  analyses  vere  made  using 
the  procedures  as  outlined  in  MIL-HDBK-5  Guidelines  for 
Presentation  of  Data  (11). 

A  regression  analysis  of  each  group  of  ratios  vas 
made  to  determine  if  a  significant  correlation  existed  vlth 
section  thickness.  Where  a  significant  correlation  vith  the 
thickness  existed,  values  of  minimum  average  ratios  fR)  vere 
selected  which  correspond  vlth  the  lover  limit  of  the  confidence 
band  around  the  regression  line  at  the  mean  of  each  respective 
thickness  range.  Where  no  correlation  existed,  a  single 
mi  pi mum  value  of  TJ  was  selected  for  all  thicknesses.  These 
values  of  minimum  T?  were  used  for  determining  derived  design 
values  for  their  respective  thickness  ranges. 

The  distribution  of  the  ratios,  and  the  values  for 
the  different  terms  in  the  statistical  analysis,  are  shovn  in 
Thbles  XXX  through  XXXVII.  The  results  of  the  statistical 
analyses  indicate  that,  with  the  exception  of  those  for  2024- 
T551X,  there  is  no  correlation  of  ratios  involving  the 
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longitudinal  compressive  yield  stresses  with  thickness. 
Similarly,  most  of  the  ratios  for  2O24-T051X  and  7079-T6510 
Indicate  no  correlation  with  thickness;  for  the  latter, 
hovever,  only  samples  in  the  smaller  thickness  ranges  were 
tested.  Otherwise,  there  is  generally  a  decrease  In  most  of 
the  ratios  with  an  Increase  In  thickness  for  the  remaining 
alloys  and  tempers. 

Since  shear  and  bearing  teats  were  made  using  both 
longitudinal  and  long- transverse  specimens.  Student's  ^V'-test 
was  applied  for  each  alloy  to  the  ratios  for  eaoh  test  direction 
to  determine  if  there  was  a  significant  difference  between 
average  ratios  for  the  two  directions.  Where  none  was  found, 
the  ratios  for  the  two  directions  were  combined  for  computation 
of  the  minimum  ratio  values  to  be  used;  where  there  was  a 
significant  difference,  generally,  the  more  conservative  values 
of  the  two  were  used.  No  differences  with  direction  were 
found  in  shear  ratios  for  2014-T6510,  2024-T551X,  6061-T6510 
and  7079-16510  and  all  bearing  ratios  except  the  bearing  yield 
ratios  of  2024-T551*  (e/D=2.0)  and  606I-T65IO  (e/D-CL.5). 

The  values  of  ratios  used  in  computing  derived  design 
values  from  the  specified  longitudinal  tensile  properties  of 
the  respective  thickness  ranges  of  each  alloy  are  summarized  in 
Tables  XXXVIII  through  XLV.  The  corresponding  computed  design 
values  for  each  alloy  are  summarized  in  Tables  XLVI  through 
LIII. 


In  preparing  the  design  tables,  the  values  for  the 
longitudinal  tensile  properties  in  Federal  Specifications,  as 
shown  in  Table  XI,  were  used  as  basis-property  "A"  or  "S" 
values.  These  values,  and  the  corresponding  n'B"  values,  are 
the  same  as  shown  in  MIL-HDBK-5,  as  revised  November  1967.  By 
applying  the  minimum  ratios  in  Tables  XXXVIII  through  XLV  to 
the  basis-property  values,  the  corresponding  design  values  were 
computed (11 ) .  Sufficient  supporting  production  data  for 
606I-T65IX  extrusions  were  available  to  establish  basis- 
property  "B"  values.  These  values  and  the  derived  values  are 
shown  in  Tbble  XL IX.  No  changes  have  been  made  in  any  minimum 
elongation  values  presently  shown  in  MIL-HDBK-5. 

In  the  tables  of  computed  design  properties  almost 
all  of  the  derived  values  have  been  changed  from  what  is 
presently  shown  in  MIL-HDBK-5.  16©  differences  between  the 
computed  values  and  those  now  in  MEL-HDBK-5  are  shown  in 
parentheses  in  Tables  XLVI  through  LIII.  The  lower  values  for 
most  of  the  shear  stresses  may  be  explained  partly  by  the  fact 
that  the  loads  in  the  shear  tests,  in  this  investigation,  were 
applied  normal  to  the  major  surface  of  the  extrusions,  whereas 
in  previous  tests  the  loading  direction  was  not  controlled. 

All  but  seven  of  the  bearing  design  values  changed,  about 
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three- fourths  of  the  changes  being  Increases.  These  probably 
result  principally  from  the  fact  that  the  specimens  and  test 
fixtures  were  cleaned  prior  to  testing (9)  which  has  a 
significant  effect  on  the  results (17).  The  derived  tensile  and 
compressive  values  are  not  consistently  higher  or  lover  than 
those  In  MEL-HEBK-5.  For  some  of  the  alloys  it  is  noted  In 
ICCL-HIBK-5  that  for  the  TX51X  tempers  the  longitudinal 
compressive  values  may  be  lover  than  the  values  shovn.  The 
derived  longitudinal  compressive  values  for  2014-T651X  and 
2024-T251X  are  1000  t0  4000  Psl  lover  and  those  for  the  6061 
and  7000  series  alloys  are  1000  psi  lover  to  5000  psl  higher 
than  shovn  In  MIL-HIBK-5.  A  comparison  of  the  statistically- 
derived  minimum  ratios  from  this  investigation  and  the  average 
ratios  derived  from  present  MTLrHDBK-5  values  for  the  TX51X 
tempers  can  be  made  from  Table  LIV  through  LIX.  Also  shovn  in 
these  tables  are  the  corresponding  values  for  extrusions  in  the 
'heat-treated-by-user"  tempers. 

Ratios  of  the  longitudinal  and  long-transverse 
properties  at  the  center  (T/2,W/2)  location  in  the  cross 
sections  of  the  extrusions  to  the  corresponding  properties  at 
the  midway  (T/2,W/4  or  T/4.W/4)  location  are  shovn  in  Table  LX 
for  the  TX51X  and  "heat-treated-by-user"  tempers.  The  ratios 
are  generally  about  the  same  regardless  of  alloy,  temper, 
thickness,  property  or  direction  of  specimen.  Generally,  the 
ratios  indicate  that  the  properties  at  the  center  location  for 
each  alloy  and  temper  average  from  about  the  same  to  5  per  cent 
lover  than  the  corresponding  properties  at  the  midway  location. 

Ratios  of  bearing  properties  obtained  in  tests  of 
edgevlse  specimens  to  those  obtained  with  flatwise  specimens 
for  sections  equal  to  or  greater  than  1  In.  in  thickness  are 
shovn  in  Table  LXI.  Generally,  the  ratios  for  most  of  the 
alloys  and  tempers  are  about  the  same.  The  ratios  of  bearing, 
ultimate  stresses,  edgevlse  to  flatwise,  average  0.96  and  0.97, 
respectively,  for  e/lKL.5  and  2.0;  for  bearing  yield  stresses 
the  corresponding  ratios  average,  respectively,  0.97  and  O.98. 
However,  for  bearing  ultimate  stresses  of  7075-T6510,  e/D=1.5, 
the  ratios  average  0.93  and  those  for  7178-Tb510  and  -162, 
e/D-1.5  and  2.0,  the  ratios  average  O.08  and  0.94, respectively. 

The  results  of  the  tensile  and  compressive  stress- 
strain  tests  are  summarized  in  Table  LXII  and  the  average 
modulus  values  are  shovn  in  Thble  LXIII. 

In  the  results  of  the  modulus  tests,  there  are  no 
consistent  differences  in  the  values  for  the  TX51X  and  "heat- 
treated-by-user"  tempers.  There  are,  however,  noticeable 
differences  between  some  of  the  longitudinal  and  long- transverse 
values.  For  the  2000  series  alloys  the  long-transverse  tensile 
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values  average  about  200,000  psi  lover  and  the  long- transverse 
compressive  values  average  about  60,000  psi  higher  than  the 
corresponding  longitudinal  values.  For  the  7000  series,  the 
longitudinal  and  long-transverse  tensile  values  average  about 
the  same;  the  long-transverse  compressive  values  average 
200,000  psi  higher  than  the  longitudinal  values.  For  606l 
there  are  inconsistent  differences  in  the  two  directions;  for 
relatively  thin  sections  both  the  long- transverse  values 
average  about  200,000  (tensile)  and  400,000  psi  (compressive) 
higher  than  the  corresponding  longitudinal  values;  for  the 
relatively  thick  sections  the  long- transverse  tensile  values  are 
about  200,000  psi  lover  than  the  longitudinal  values  and  In 
compression  they  are  the  same. 

There  vere  no  significant  differences  In  modulus 
values  associated  with  thickness  for  the  2000  and  7000  series, 
hovever,  there  vere  definite  differences  between  the  modulus 
values  of  the  relatively  thin  (0.075  to  0.375  in.)  and 
relatively  thick  (3.000  to  6.500  in.)  6o6l  extrusions.  The 
modulus  values  of  the  thick  sections  average  about  600,000  psi 
higher  than  the  thin  sections.  These  differences  probably 
result  from  the  fact  that  the  thin  sections  are  largely  re¬ 
crystallized,  whereas  the  thick  exirusions  are  largely  unre- 
crystallized. 

The  tensile  and  compressive  modulus  values  selected 
for  the  various  alloys  are : 


Alloy  or 
Series 

Thickness,  in. 

Modulus, 

Tensile 

psi 

Compressive 

2000 

All 

10,800,000 

11,000,000 

6o6l 

«  0.499 

9,700,000 

0,900,000 

6o6l 

5  3.000 

10,300,000 

10,600,000 

7000 

All 

10,400,000 

10,700,000 

Tne  values  for  the  2000  and  7000  series  are  generally 
higher  than  those  now  shown  in  MIL-HDBK-5  and  in  the  same  range 
as  tnose  obtained  in  a  previous  contract  on  stress-relieved 
stretched  plate (1).  The  above  modulus  values  are  shown  in 
Tables  XLVI  and  LIII  and  were  used  in  preparation  of  the  stress- 
strain  and  tangent -modulus  curves.  The  values  shown  in  Table 
XLIX  for  6o6l,  0.500  to  2.959  in.,  are  those  presently  shown 
in  MIL-HDRK-5,  November  19c-7;  for  the  typical  stress- strain  and 
tangent -modulus  curves  of  60ol-T62  (ell  thicknesses)  averages 
of  the  values  shown  above  (10.0  and  10.2x10^  psi)  were  used. 
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The  tensile  and  compressive  stress-strain  and  the 
compressive  tangent -modulus  curves  are  Bhovn  in  Figs.  22 
through  64.  For  a  given  alloy,  temper,  type  of  test  and 
direction,  the  offsets  from  the  modulus  line  in  the  individual 
stress-strain  tests  indicated  no  significant  differences  with 
thickness  except  for  those  of  606I-T6510.  For  6061-T65IX, 
curves  for  two  thickness  ranges  were  prepared  as  shown  in  Figs. 
37  through  42.  For  the  minimum  stress-strain  curves,  the 
tensile  and  compressive  yield  stresses  used  are  those  shown  for 
the  appropriate  thickness  ranees  in  Tables  XLVI  to  LIII.  For 
the  tyi leal  longitudinal  tensile  stress-strain  curves,  the 
values  are  those  indicated  in  Alcoa's  production  in  recent  years 
and  it  is  assumed  that  the  value  for  the  industry  would  be 
about  the  same.  The  typical  long- transverse  ultimate  tensile 
stress  and  the  other  yield  stresses  were  based  on  the  derived 
average  ratios  obtained  in  the  statistical  analyses.  All 
curves  were  derived  and  presented  in  accordance  with  the 
procedures  outlined  in  MXL-HDBK-3  Guidelines  for  Presentation 
of  Data  (11). 


A. 2.  Fracture  Toughness 

The  results  of  the  itidiviauax  fracture- toughness 
tests  are  shown  in  Table  LXIV.  In  each  case,  an  indication  is 
given  in  the  right-hand  column  as  to  whether  or  not  the 
calculated  values  of  Kq  are  considered  to  be  meaningful  values 
of  Kjc  based  upon  the  criteria  listed  in  Section  3  on  Procedure; 
in  a  very  few  cases,  values  which  did  not  meet  all  of  the 
criteria  are  classified  as  meaningful  because  they  fit  in  well 
with  data  for  other  samples  for  which  the  criteria  were  met. 

The  meaningful  values  of  Kjc  from  Table  LXIV  are  summarized  in 
Table  LXV  to  arrive  at  useful  average  values  for  the  various 
alloys  and  tempers.  The  values  of  op- in"  Kjc  are  not 

averaged,  since  these  do  not  comply  with  the  current  ASTM 
definition  of  Kjc(13)  but  are  included  in  the  table  for 
information. 

Representative  load-deformation  curves  are  shown  in 
Fig.  72;  included  are  a  few  curves  from  tests  in  which  the 
deviation  from  linearity  prior  to  the  secant  offset  indicated 
that  the  calculated  values  of  Kq  were  not  meaningful  values  of 
Kjc  (labeled  "not  valid").  Representative  fracture  surfaces 
are  shown  in  Figs.  73  and  74;  the  former  shows  examples  of 
specimens  for  which  the  fatigue-crack  fronts  were  judged 
sufficiently  straight  (within  20%  of  thickness)  and  the  latter 
shows  specimens  for  which  the  excessive  fatigue-crack-front 
curvature  resulted  in  meaningless  values  of  kq. 
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The  average,  values  of  5  per  cent  secant  Kjg  from 
Table  LXV  are  summarized  below;  only  the  values  for  2O24-T051X* 
7075-T6510,  7075-T73510  and  7178-T6510  are  based  upon  tests  of 
more  than  two  lots. 


5  per  cent  Secant  -  Offset  KIc>  psl Vin. 
longitudinal  Long-  Transverse 


2014-T6510 

3$ 

100 

-T62 

28 

600 

2024-T851X 

20 

000 

7075-16510 

28 

000 

-T62 

-- 

-- 

-173510 

7079-T6510 

34 

30 

200 

900 

-T62 

35 

800 

7178-T6510 

21 

900 

-T62 

23 

300 

25  400 
28  000 
18  200 
23  600 
23  800 

26  300 
29  200 

21  000 
22  600 


None  of  the  many  test3  of  2024-T351X  resulted  In 
values  which  could  be  considered  wholly  valid,  principally 
because  of  excessive  plastic  deformation  prior  to  cracking  as 
Indicated  by  the  deflation  fru.,  linearity  in  the  load- 
deformation  curves.  However,  the  data  suggest  that  the 
longitudinal  value  of  Kpc  for  this  alloy  and  temper  is  in  the 
ra,,ge  of  40,000  to  50,000  psi V in. ;  the  data  for  transverse 
specimens  arc  not  useful  even  for  estimates. 

There  are  insufficient  data  for  any  of  the  alloys  and 
tempers  to  be  certain  of  trends  relative  to  cross-section,  size 
or  shape. 


A. 3,  Axial-Stress  Fatigue 

The  results  of  the  axial-stress  fatigue  tests  (R=O.0) 
of  extrusions  in  the  TX51X  and  'heat- treated-by- user"  tempers 
are  shown  In  Table  UOT  and  plotted  in  Figs.  65  through  71. 
Log-mean  fatigue  life  /alues  for  the  three  preselected  stress 
levels  have  been  calculated  in  the  table  and  curves  have  been 
drawn  through  these  values  in  the  figures.  There  are  definite 
differences  in  the  fatigue  properties  in  the  longitudinal  and 
long-transverse  directions,  those  in  the  longitudinal  direction 
being  higher.  While  both  directions  of  specimens  from  sections 
0.750-1.500  in.  thick  were  taken  from  the  center  of  the  cross 
section,  one  longitudinal  and  long- transverse  specimens  from 
thicker  sections  were  taken  from  the  midway  (T/4)  and  the 
center  (T/2)  locations,  respectively.  It  is  doubtful,  however, 
that  the  difference  in  location  is  as  significant  as  that  in 
section. 
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The  following  general  observations  have  been  made 
ooncemlng  the  log-mean  fatigue  lives  of  the  various  alloys  and 
tenders : 


2014-T6510  and  2024-T851X  -  slightly  lover  than  2024-T551X 
7075-T73510  -  slightly  lover  than  7075-T6510 
717B-T65IO  and  7075-1^510  -  about  the  same. 


Hovever,  the  differences  in  log-mean  fatigue  lives  may  not  be 
significant  because  of  the  small  number  of  tests  made  at  only 
three  stress  levels. 


B.  Stress-Corrosion  Cracking 

The  results  of  stress-corrosion  tests  are  listed  in 
Tables  LXVII  and  LXVIII,  the  former  containing  test  results  for 
the  stress-relieved  (TXSIX)  tempers  and  the  latter  results  for 
samples  in  the  "heat-treated-by-user"  tempers. 

No  cracking  was  detec  led  visually  or  microscopically 
in  specimens  from  the  stress-relieved  samples  of  2024-T851X, 
606I-T65IO  and  7C75  T77717  alloys,  regardless  of  test  direction. 
Extrusions  of  7079-T6S10  were  tested  only  In  the  longitudinal 
and  long- transverse  directions  and,  In  these  directions,  also 
demonstrated  a  high  resistance  to  stress-corrosion  cracking. 

A  high  resistance  to  stress-corrosion  cracking  was 
also  exhibited  by  longitudinal  specimens  from  the  remaining 
stress-relieved  samples,  alloys:  2014-T6510,  2024-T351X,  7075- 
T65IO  and  7178-T6510.  However,  stress-corrosion  cracking  was 
encountered  with  long- transverse  and  short- transverse  specimens 
from  these  alloys. 

In  the  :'heat- treated- by-user "  tempers  specimens  from 
the  following  samples  were  highly  resistant  to  stress- corrosion 
cracking:  2024-Tb2,  606I-T62  and  '('075-177.  Failures  were 
encountered  with  either  long- transverse  or  short- transverse 
specimens  from  the  less  resistant  materials:  2014-T62,  2024- 
T42,  7075- Tb2  and  7178-T62. 

While  the  test  results  appear  to  be  typical  for  the 
various  alloy- temper  combinations,  it  is  felt  that  some 
clarification  of  the  data  is  warranted,  particularly  with 
regard  to  specimen  orientation. 

.experience  (18)  with  extruded  sections  has  shown  that 
the  behavior  of  test  specimens  from  susceptible  alloy-temper 
combinations  will  vary  with  specimen  orientation  as  illustrated 
in  Fig.  75.  longitudinal  specimens  will  show  a  high  order  of 
resistance  to  stress-corrosion  cracking;  long- transverse 


16 


specimens  also  will  show  a  relatively  high  resistance,  particu¬ 
larly  in  thin  sections.  It  should  be  emphasized  that  the  long- 
transverse  terminology,  as  used  in  stress-corrosion  testing,  is 
based  upon  the  shape  of  the  grain  structure  and  not  upon  tne 
shape  of  the  extrusion.  Thus,  in  order  for  an  extruded  section 
to  develop  a  long  and  a  short- transverse  direction,  the  width 
must  be  at  least  twice  the  thickness.  As  the  width/thiokness 
ratio  decreases,  the  resistance  to  stress-corrosion  cracking  in 
the  long- transverse  direction  decreases  progressively.  When 
the  ratio  approximates  unity,  the  specimens  are  considered 
simply  "transverse",  tnd  the  resistance  to  stress-corrosion 
cracking  is  only  slightly  better  than  that  of  short- transverse 
specimens.  Conversely,  the  relative  resistance  of  long- 
transverse  specimens  increases  as  the  width/thickness  ratio 
increases  above  2/1. 

Hie  use  of  random  samples,  as  was  the  case  in  this 
contract,  resulted  In  a  wide  range  of  width/thickness  ratios. 
Thus,  in  some  sections  definite  long- transverse  and  short- 
transverse  structures  were  not  developed.  file  data  are 
nevertheless  considered  representative  of  the  various  alloy- 
temper  combinations  if  proper  allowance  is  made  for  the  grain 
structures  involved,  ibis  is  illustrated  in  Pig.  76  which 
compares  the  resistance  of  the  7073-11:610  specimens  with 
performance  bands  previously  developed  by  a  large  number  of 
tests  of  7075-T'6  alloy  extruded  sec t. ions  (l8) . 


$ 
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SECTION  VI 


SUMMARY  AND  CONCLUSIONS 


Based  on  the  results  of  tests  of  conmerclally  produced 
extrusions  that  met  the  requirements  for  tensile  properties  In 
applicable  Federal  specifications ,  the  following  conclusions 
seem  warranted  concerning  mechanical  properties,  including 
fracture  toughness  and  fatigue,  and  resistance  to  stress- 
corrosion  cracking  of  2014,  2024,  6061,  7075 >  7079  and  7178 
extrusions : 

1.  The  most  distinct  differences  between  the 
average  ratios  among  the  properties  of 
the  TX51X  and  "heat-treated-by-user" 
tempers  of  extrusions  are  those  Involving 
the  longitudinal  compressive  yield  stresses 
and  some  of  the  bearing  yield  stresses. 

The  largest  differences  are  in  those  of 
the  solution  heat-treated  tempers  of  2024 
(T551X  vs  T42). 

2.  Minimum-average  ratios  for  computing  the 
derived  minimum  design  mechanical  proper¬ 
ties  of  the  TX51X  extrusions  are  as  shown 
in  Thbles  XXXVIII  to  XLV. 

3.  Generally,  most  of  the  ratios  for  2024- 
T651X  and  7079-76510  and  all  the  longitud¬ 
inal  compressive  yield  stress  ratios, 
except  those  of  2024-T351X,  indicate  no 
correlation  with  thickness.  Most  of  those 
for  the  other  alloys  decrease  with 
Increase  in  thickness. 

4.  Ratios  of  tensile,  compressive,  shear  and 
bearing  stresses  at  the  center  location 
(T/2,  W/2)  in  the  cross  sections  of  the 
extrusions  to  the  corresponding  properties 
at  the  midway  location  (T/2,  W/4  or  T/4, 

W/4)  are  generally  about  the  same, 
regardless  of  alloy,  temper,  thickness, 
property  or  direction  of  specimen. 

Generally,  the  ratios  indicate  that  these 
properties  at  the  center  location  for  each 
alloy  and  temper  average  from  about  the 
same  to  3  per  cent  lower  than  the  corre¬ 
sponding  properties  at  the  midway  location. 
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In  general,  the  bearing  stresses  obtained 
using  edgevlse  specimens  average  3  per  cent 
lover  than  those  obtained  using  flatvlse 
specimens,  except  for  the  bearing  ultimate 
stresses  of  7075-T6510  (e/D-i.5)  and  7178- 
T65IO  and  -T62  (e/D-1.5  and  O.C)  vhiou 
average  6  to  12  per  cent  lover. 

Results  of  the  modulus  of  elasticity  tests 
indicate  the  folloving: 

a.  In  compression,  the  values  average  2  to 
3  per  cent  higher  than  those  In  tension. 

b.  F'or  the  2000  series  alloys,  the  long- 
transverse  values  in  tension  and  com¬ 
pression  average  2  per  cent  lower  and 
about  1  per  cent  higher,  respectively, 
than  the  corresponding  longitudinal 
values . 

c.  For  6061  alloy,  the  long- transverse 
values  for  the  smaller  thickness  ranges 
average  3  per  cent  higher,  and  those  for 
the  larger  thickness  ranges  average  1 
per  cent  lover,  than  the  corresponding 
longitudinal  values. 

d.  For  the  7000  series  alloys,  the  values 
in  tension  are  about  the  same  regardless 
of  direction;  the  long- transverse  values 
in  compression  average  about  2  pier  cent 
higher  than  the  longitudinal  values. 


Average  values  for  modulus  of  elasticity  are : 


Alloy  or 
Series 

Thickness, 

in. 

Modulus 

1,  psi 

Tensile 

Compressive 

2000 

All 

10  800  000 

11  000  000 

6061 

^0.499 

9  700  000 

9  900  000 

0.500-2.999 

9  900  000* 

10  100  000* 

5:3.000 

10  300  000 

10  600  000 

7000 

All 

10  400  000 

10  700  000 

*  Values  presently  shown  in  MIL-HDBK-5 
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8.  Computed  design  mechanical  properties  for  the 
TX51X  taners  are  as  shown  In  Tables  XLVI 
through  La H.  for  alloys  2014-T651X,  2024-T351X 
and  7^79- 165 IX  where  Alcoa  has  a  reasonable 
amount  of  production  data  for  long-transverse 
tensile  properties.  It  appears  that  higher  values 
than  those  computed  in  this  report  are  being  met. 

9.  Typical  and  minimum  ("A"  or  "S"  Value)  stress- 
strain  and  compressive  tangent -modulus  curves 
are  as  shown  in  Figs.  22  'hrough  o4. 

10.  Rounded  average  values  of  piane-s.ral n  stress- 
intensity  factor,  Krg  (paiVin. ),  at  per  cent 
secant  offset,  suitable  for  inclusion  for 
information  in  MIL-HDBK-5,  are  as  follows: 

Alloy  and  Tamper  Longitudinal  Long-Trai.  verse 


2014-TbplX  50  000  25  000 
2024-T651X  2Q  000  18  000 
7C75-T651X  28  000  24  000 
7075- T7351 X  34  000  26  000 
7178-T651X  22  00C  21  000 


Valid  values  were  not  obtained  for  606l-Tb51X 
and  2024-T351X. 

11.  The  results  of  the  axial-stress  fatigue  tests 
(R=0.0)  are  plotted  in  Figs.  65  through  71. 

For  all  the  alloys  tested,  the  long-transverse 
fatigue  properties  are  generally  lover  than  the 
longitudinal  fatigue  properties. 

12.  The  results  of  the  stress-corrosion  tests 
revealed  typical  performance  for  the  various 
combinations  of  alloy  and  temper,  The  data  are 
In  good  agreement  with  and  tend  to  corroborate 
existing  data  for  aluminum  alloy  extrusions. 


SECTION  VII 


RECOMMENDATIONS 


It  is  recommended  that  the  computed  design  mechanical 
properties  in  Tables  XLVI  to  LIII,  and  the  stress-strain  and 
compressive  tangent-modulus  curves  in  Figs.  22  to  64  be  con¬ 
sidered  for  use  in  the  next  revision  of  MHr-HDBK-5. 

For  some  alloys  such  as  2014-T651X,  2024-T551X  and 
7079-T651X,  where  Alcoa  has  a  reasonable  amount  of  production 
data  for  long- transverse  tensile  properties,  it  appears  that 
higher  values  than  those  computed  in  this  report  are  beli^j  met . 
It  is  suggested  that  before  adopting  these  tables  in  MIL-HDBK-5> 
the  producers  be  requested  to  review  their  production  data  for 
the  long- transverse  tensile  properties  to  determine  the 
industries'  capability  with  respect  to  these  properties  for  all 
alloys  and  tempers. 
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yet  assigned. 

§  Not  shown  In  Federal  Specification 

••  Elongation  requirements  not  applicable  for  material  thinner  than  0.0o2  in.  (ncmlnal) 
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TABU  XXJVlix 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
0?  STRESS-RELIEVED  STRETCHED  2014-T65IX  EXTRUSIONS 


Thickness. 

in. 

Ratio 

5^0.499 

O.5OO- 

0.749 

0.750- 

1.750 

Ftu(LT)/Ftu(L) 

1.005 

0.900 

0.900 

Fty(LT)/Fty(L) 

0.930 

0.869 

0.869 

Pcy(L)/Fty(L) 

0.983 

0.983 

0.983 

FCy(IiT)/Fty(L) 

# 

0.910 

0.910 

Fsu/Ftu(L) 

Fbru/Ftu(^) 

0.687 

0.545 

0.545 

e/D-1.5 

e/D-2.0 

1.5^. 

2.04j 

1.411 

1.798 

1.411 

1.793 

Fbry/Fty(L) 

e/D-1.5 

e/D=2.0  i 

1.405 

1.642 

1.265 

1.473 

1.265 

1.473 

♦Insufficient  data  for  deterainlng  ratio 


TABLE  XXXIX 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PRO PERI .ES 
OF  STRESS-RELIEVED  STRETCHED  2024-T3510  AND  -T3511  EXTRUSIONS 


Thickness.  In. _ 

Ratio 

■=0.249 

0.250- 

0.499 

0.500- 

0.749 

0.750- 

1.499 

1.500- 

2.999 

3.000- 

4.499 

Ftu(LT)/Ftu(L) 

0.956 

O.927 

0.900 

0.354 

0.785 

0.766 

Fty(LT)/Fty(L) 

O.878 

0.857 

O.838 

0.805 

0.758 

0.753 

pcy(L)/ Fty(L) 

0.816 

O.836 

0.854 

O.887 

0.935 

0.947 

PCy(LT)/Fty(L) 

O.968 

0.941 

0.917 

0.874 

0.811 

0.796 

Fsii/Ptu(L) 

Pbru/Ptu(L) 

0.514 

1 

0.511 

0.508 

0.501 

0.487 

0.468 

e/D=1.5  1 

l.469 

1.301 

1.29b 

1.286 

I.263 

1.232 

e/D=2.0 

Pbr”  Pty(k) 

1.795 

1.627 

1.621 

1.611 

1.588 

1.558 

wD= d.5 

1.441 

1.251 

1.247 

1.239 

1.221 

1.196 

e/I>=2 . 0 

1.686 

1.520 

1.514 

1.503 

1.477 

1.443 

TABLE  XL 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  2024-T&510  AND  -T8511  EXTRUSIONS 


Thickness. 

in. 

Ratio 

0.050- 

0.249 

0.250- 

1.499 

1.500- 

4.500 

Ftu(LT)/Ftu(L 

•  v5* 

O.968 

0.950 

Fty(LT)/Fty(L) 

.969 

O.989 

0.y39 

Fcy(L)/Fty(L) 

1.012 

1.012 

1.012 

pcy(1^1’  )/pty(L) 

1.012 

1.01? 

1.012 

Ps./wtu(L) 

Fbru/Ftu^T ) 

0.542 

0.542 

0.542 

e/D=1.5 

e/D-2.0 

1.465 

1.925 

1.452 

1.870 

1.590 

1.769 

Fbr  y/Fty(L) 

e/l>l .  5 
e/D*2.0 

1.407 

1.655 

1.407 

1.655 

1.407 

1.655 

*  Based  on  two  lots 
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TABLE  XLI 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS- RELIEVED  STRETCHED  606I-T65IX  EXTRUSIONS 


Ratio 

!  Thickness, 

1 

I  <1.000 

in. 

— r:oor- 

6.500 

Ftu(LT)/Ftu(L) 

;  0.969 

0.858 

Fty(LT)/Fty(L) 

!  0.943 

0.811 

Fcy(L)/Fty(L) 

i  0.988 

0.988 

Fcy  (LT)/Fty  (L) 

:  1.000 

0.871 

Fsu/Ftu(L) 

:  0.705 

0.511 

Pbru/Ftu(L) 

e/Dal.5 

1.687 

1.587 

1.807 

e/D=2.0 

2.170 

Pbry/Pty  (L) 

e/D**l .  5 
e/D=2.0 


I 


1.554 

1.725 


1.200 

1.444 


RATIOS  FOR  COMPUTING  EESIGN  MECHANICAL  PROPERTIES 
OF  STRESS- RELIEVED  STRETCHED  7Q75-T653X  EXTRUSIONS 
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RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS- RELIEVED  STRETCHED  7075-T735IX  EXTRUSIONS 
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TABUS  XLTV 


RATIOS  TOR  COMPUTING  EESION  MECHANICAL  PROPERTIES 
OP  STRESS- RELIEVED  STRETCHED  7079-T653X  EXTRUSIONS 


Ratio 

Thickness,  in. 

<0.249 

0.250- 

0.499 

0.500- 

0.749 

Ptu(LT)/Ptu(L) 

0.898 

O.898 

O.898 

Fty(LT)/Pty(L) 

O.876 

0.876 

O.876 

Pcy(L)/Pty(L) 

0.989 

0.989 

0.989 

Fcy(LT)/Fty(L) 

0.950 

0.950 

0.950 

Fau/Ptu^) 

0.527 

0.527 

0.527 

Pbru/Ptu(L) 

e/EW.,5 

1.435 

1.435 

i.435 

e/D-C.O 

|  1.813 

1.815 

1.815 

Pbry/Fty  (L) 

e/I*1.5 

1.349 

1.281 

1.212 

e/D^.O 

1.538 

1.464 

1.590 

TABLE  XLV 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS- RELIEVED  STRETCHED  7178-T651X  EXTRUSIONS 


Thickness, 

in. 

Ratio 

3706?-' ' 
0.249 

0.250- 
.  0.499 

0.50C- 

0.749 

0.750- 

1.499 

1.500- 

2.499 

Ftu(LT)/Ftu(L) 

0.957 

0.945 

0.933 

0.907 

0.862 

Fty  (LT)/Fty(L) 

0.957 

0 . 924 

O.909 

0.880 

0.830 

Pcy(L)/Fty(L) 

0.981 

0.981 

0.981 

0.981 

0.981 

Fcy(LT)/Fty(L) 

1.026 

1.016 

1.005 

0.982 

0.941 

WPtu(L) 

0.502 

0.502 

0.502 

0.502 

0.502 

Fbru/Ptu(L) 

e/D=a.5 

'  1-^2? 

1.421 

1.413 

m 

1.364 

e/D=2.0 

!  1.784 

1.775 

1.765 

1.708 

Pbry/Fty(L) 

e/D=l .  5 

i 

;  1.306 

1.306 

1.306 

1.306 

1.306 

e/D=2.0 

I  1.521 

1.521 

1.521 

1.521 

1.521 

0  9 


TABLE  XLVI 

Computed  Design  Mechanical  Properties  of  2014-T651X  Aluminum  Alloy 
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ita  for  determining  value.  MIL-HDBK-5  "A"  value  is  55;  "B"  value  is 
parenthesis  are  differences  from  values  in  MIL-EDBK-5,  November  1966 


TABLE  XLVTII 


Computed  Design  Mechanical  Properties  or  2 024 -t8 SIX  Aluminum  Alloy  Extrusions 


Alloy  . 

Itorm . 

Condition . 

Cross-3ectional  Area,  in. 

Thiolcness,  in . 

Baals  . 


2024 


rusions 


Msohanioal  Properties: 

Ftui 


Fty^  leal 


Fcy^  kai 


Fsu,  ksi 


Fbrui.  ksl 

e/I>=1.5 . 

e/D-2.0  . 


Fbry»,  ksl 


6/IKL.5 . 

e/D=2.0  . 


64 

60(*) 


56 

55(*) 

m 

35(*) 


94j*J 

L2?(*j 


79(*) 

93(*) 


66 

64  (*) 

P(#) 

IP) 

56(*) 


96j*J 

L25(*) 


82(*; 

96(*, 


66 

63(*) 

58 

57  (*) 


1(1) 

360 


«(:) 


82(*] 


e,  percent: 
L  .  .  . 

x/r.  .  . 


Ec,  10°  psi 

0,  100  pai 


TABUS  XLIX 

Computed  Design  Mechanical  Properties  of  606I-T65IX  Aluminum  Alloy  Extrusions 


33-Sectional  Area 


TABLE  III 


Computed  Design  Mechanical  Properties  of  7079-T651X  Aluminum  Alloy  Extrusions 


_ I _ 

NOTE:  Numbers  in  parenthesis  ai*e  differences  from  values  in 
MIL-HDEK-5>  November  19 66 


Computed  Design  Mechanical  Properties  of  7178-T65IX  Aluminum  Alloy  Extrusions 


MXL-HDBK-5,  February  19>56 

For  T05IO  and  T05II  tempera,  ratio  ray  be  lower 
Insufficient  data  to  determine  ratio 


SUMMARY  OF  RATIOS  COMPUTED  IN  CONTRACT  FOR  2024  ALUMINUM  ALLOY  EXTRUSIONS 
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Y  OP  RATIOS  COMPUTED  IN  CONTRACT  FOR  7075  ALUMINUM  ALLOY  EXTRUSIONS 
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General  Dinensions  of  Tensile  Specimens 


Round  Specimens 


Fig.  14  General  Dimensions  of  Compressive  Specimens 
For  Modulus  and  Stress-Strain  Tests 


.739 


Mag:  V5X 

Pig.  18  Shows  tne  1/8- in.  diameter  tensile  specimen,  the 

various  parts  ci  the  stressing  frame  and  the  final 
stressed  assembly 


Mag:  1/2X 

Fig.  19  Syncnronous  leading  device  used  tc  stress  specimens. 

A  stressed  assembly  and  one  assembled  finger-tight 
ready  for  stressing  are  snown  to  the  left.  Both  the 
stressing  frame  and  the  loading  aevice  were  developed 
by  the  Alcoa  Research  Laboratories.,  prior  to  this  contract 
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Fig.  22  Typical-Stress-Strain  and  Tangent -Modulus  Curve 
for  2014-T651X  Aluminum  Alloy  Extrusions,  0. 500-0. 749-in 


Stress 


Strain,  0.001  in, /In. 

Tangent  Modulus,  10°  poi 

Typicul  Stress-Strain  and  Tangent-Modulus  Curves  for 
2014-T62  Aluminum  Alloy  Kxtrusions,  *-  0.499  in. 
(Heat-Treated -By-User) 
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for  2024-T42  Aluminum  Alloy  Extrusions ,  ~  1 . 50C  in." 
(Heat-Treated-by-User) 
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Fig.  22  Tynjcal  Stress-Strain  and  Tange nt-Mouulu 
for  ‘?02i)-T851X  Aluminum  Alloy  Extrusions,  0. 2^0-1. 4 
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Iff  -  COMPRESSION  f 
L  -  COMPRESSION - - - - 


L  -  TE1UION 


tress,  1000  psi 


Stress,  1000  psi 


Strain,  0.001  in,/in- 
Tangent  Modulus,  10°  psi 

Fig.  47  Minimum  ("A"  Value)  Stress-Strain  and  Tange  td.-Hodui  us 
Curves  for  7075-T651X  Aluminum  Alloy  Extrusions,  O.y.0-0.749  in. 
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Strain,  0.001  in. /in. 

Tangent  Modulus,  10®  nsi 

Fig.  48  Typical  Stress-Strain  and  Tangent-Modulus  Curves 
for  7075-T62  Aluminum  Alloy  Extrusions,  0.250-1.499  in. 
(Heat-Treated-By-User) 
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Tangent  Modulus,  10°  psi 

Fig.  bb  Typical  Stres3-Strain  and  Tangent-Modulus  Curves 
for  707b-T7b  Aluminum  Alloy  Extrusions,  0.250-1.499  in. 
(Heat-Treated-By-User) 
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Fig-  57  Minimum  ("s"  Value)  Stress-Strain  and  ^angent-M oaul 
Curves  for  7079-T651X  Aluminum  Alloy  Extrusions,  .0.249  in. 
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Strain,  0.001  in. /in. 

Tangent  Modulus,  1 0^  psi 

2.  Tyoieal  Stress -Strain  and  Tangent-Modulus  Curve 

for  7079-T62  Aluminum  Alloy  Extrusions,  -  0.2*19 
(ileat-Treated-By-User) 


strain,  c. 

g.  39  Typical  Tensile  bi  rvus-btrain  Cur 
for  7079-To?  Aluminum  Aj i 
(ileal. -'Ireat. 


Strain,  0.001  in./jn. 

Tangent  Mjdnius,  10^  psi 

Fig-  CO  Tyui cu'l  Str&sa-htraJn  and  Tangent-Mouu lus 
7I7o-T6b^  A 1  uiiii tnii.-i  Allsy  Kxtrubhons,  G . 062-0 . o4(. 
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Strain,  0.001  in. /in. 

Tangent  Modulus,  10°  psi 

Fi g.  6>  Typical  Stress-Strain  and  Tangent-Modulus  Curves 
for  717S-TD2  Aluminum  Alloy  Extrusions,  0.062-0.2^9  in. 
(Heat-Treated-By-User) 
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STRESS  CORROSION  RESISTANCE,  KSI 


IOO 


A  B 


A  B 


A  B 


A  B 


Fig.  Id  Effect  of  Grain  Geometry  and  Stressing  Direction  on 
Resistance  to  Stress-Corrosion  Cracking 

With  extruded  shapes  of  7075-T6  alloy  displaying  the  various 
grain  structures  shown,  the  stress-corrosion  resistance  was 
determined  in  two  directions:  parallel  (A)  and  perpendicular 
(B)  to  the  principal  grain  axis.  Stress-corrosion  resistance  was 
defined  as  the  highest  initially  applied  tensile  stress  that  did 
not  cause  stress -corrosion  cracking  in  84  days  of  exposure  to 
the  2-5#  NaCl  alternate  inmerslon  test.  The  resistance  to  stress- 
corrosion  cracking  was  highest  when  the  most  highly  oriented  grain 
structure  was  stressed  parallel  to  the  principal  grain  axis  and 
lowest  when  the  stressing  direction  was  perpendicular  to  the 
principal  grain  axis  3his  same  trend  is  applicable  to  other 
susceptible  alloy- temper  combinations. 
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Figure  76.  Stress-corrosion  data  for  7075-T6510  extruded  sections  showing  that  the  resistance  of 
long- transverse  and  shdrt-transverse  specimens  from  the  contract  material  was  typical 
and  generally  within  the  performance  hands  developed  by  a  large  number  of  tests  of 
7075-T6  alloy  extruded  sections. . (lo) 
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13  ABSTRACT 

Tne  tensile,  compressive,  shear, 

,  bearing,  fracture-toughness  and  arial- 

stress  fatigue  properties  ;nj  resistance  to  stress-corrosion  c racking  in-.ve  Leen 
determined  for  a  total  of  14;  lots  of  comuercially  produced  *?CL',,  PC 24,  6C6l , 
7075,  7079  and  7178  ert rasters  in  stress-relieved  stretched  tempers  (TX51X), 

...u  in  t:.  ‘  .’knees'*"  from  ^  ~ '  o  to  o.500  in. 

Tests  of  34  lots  in  tno  "heat-treated-fcy-ucer  1  tempers  were  also  made. 

Ratios  of  tensile,  compressive,  shear  and  bearing  properties  to  corres¬ 
ponding  longitudinal  tensile  properties  were  computed.  Some  variations  in 
ratios  occur  with  respect  to  alloy,  temper,  thickness,  and  direction. 

Groups  of  ratios  for  each  alloy  in  the  TX51X  tempers  were  analyte  -'  statis¬ 
tically  and  minimum-average  values  were  determined.  Tables  of  design  mechanical 
properties  were  prepared. 

Typical  and  minimum  stress-strain  and  compressive  tangent-modulus  curves 
were  prepared. 

Average  values  of  plane-strain  stress-intensity  factor,  i.jc»  at  5  per 
cent  secant  offset  were  determined. 

Log-mean  fatigue-life  values  were  calculated. 

Stress -corrosion  tests  evaluated  performance  for  the  alloy  and  temper 
combinations  tested. 
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